| Database and patient demographics
. 12 The primary endpoint was the 5-year diseasespecific survival (DSS) rate. Deaths because of cancer were recorded as events, and deaths secondary to other causes were censored.
| Determination of margin and thickness of specimen
The margin and thickness were determined by a pathologist using formalin-fixed paraffin-embedded tumour blocks. The steps of processing the specimen were as the followings. 
Keypoints
The definition of adequate surgical margin in oral squamous cell carcionma surgery remains controversial.
Margin-to-thickness ratio may be a potential predictor for survival in oral cancer patients.
Discriminative analysis showed log margin-to-thickness ratio outperformed both resection margin and tumour thickness alone in predicting oral cancer disease specific survival.
obtained through histopathologic measurement by using a micro-ocular meter, with the positive margin defined as malignant cells infiltrating at the cutting margin. The prognostic significance of margin, tumour thickness, MTR and log MTR was explored. 10 The log MTR was defined as the log of the ratio between the margin and the tumour thickness from a tumour specimen: log 10 [(margin +0.1)/(tumour thickness +0.1)]. In the formula, 0.1 was added to both the numerator and denominator to avoid an infinite number.
| Statistical analysis
All statistical analyses were performed using SPSS (version 15, SPSS, Inc, Chicago, IL, USA). Continuous variables were analysed using one-way ANOVA, and categorical variables were compared using
Pearson's chi-square test or Fisher's exact test. Cumulative 5-year DSS rates were analysed using the Kaplan-Meier method. The independent variables were determined through multivariate analysis using the backward stepwise method. Discriminability between the variables or models was assessed using the Akaike information criterion (AIC) and Harrell's C statistic. Model prediction as indicated by
Harrell's C statistics was as follows: 0.5, equal chance; 0.7-0.8, acceptable; 0.8-0.9, excellent; and 0.9-1, outstanding. Monotonicity was also assessed using linear-trend chi-square test, with a higher value indicating a superior monotonic trend. Two-sided P < 0.05 was considered significant.
| RESULTS
In total, 302 patients with OSCC were enrolled covering the period (Table 2 ).
In multivariate analysis using the stepwise method, the log MTR, perineural invasion, advanced pT, advanced pN and poor differentiation remained statistically significant (Table 3) . A Kaplan-Meier plot revealed significant differences in survival with log MTR of 33% (P < 0.001) (Figure 1 ).
To explore the interaction effect between the log MTR and pT category, we separated the study cohort into two subgroups: an early pT subgroup (T1 and T2) and an advanced pT subgroup (T3 and T4). The log MTR category demonstrated superior monotonicity with a higher linear-trend chi-square value than margin or thickness 
| Strengths of the study
The research of Heiduschka et al suggested an MTR < 0.1 as having a high risk of an unfavourable outcome and an MTR > 0.3 as a normal risk in OSCC cases. By contrast, our study revealed that a cutoff log MTR < 33% (log MTR = −0.87) had significant predictive value for DSS. The difference in these studies' findings may be due to the different definitions of "high risk for recurrence" as well as sampling differences. Heiduschka et al underestimated the large tumour margins with an upper limit of 5.01 mm, whereas our study calculated exact margins as large as 59 mm among our study population. Although an adequate 5-mm margin has been proposed by DSS, disease-specific survival; HR, hazard ratio; log MTR, log margin-tothickness ratio, calculated as log (margin + 0.1)/(tumour thickness + 0.1).
numerous studies and the National Comprehensive Cancer Network guidelines, 13 challenges remain in correct three-dimensional localisation of specimens or in surgical margins and relocating areas for revision following positive margin discovery. 14 As tumour size increases, the uncertainty presented by sampling errors may also rise. Therefore, by concisely recording the exact surgical margin, our study may improve interpretation of this new parameter.
| Comparisons with other studies
The concept of a simple cut-off point for all oral cancer patients is controversial, which has led to a large range (1-7 mm) of "adequate margins" being suggested by various studies. 7, 8, 15 Moreover, studies have revealed that a positive or close margin alone does not affect DSS regardless of whether the patient underwent postoperative radiotherapy, 16 and survival outcome was not influenced by surgical margins alone in stage I and stage II oral cancers. 17 Black et al 18 surveyed 96 US and 4 international medical centres and reported that only 20% of all pathological specimens were marked with clear anatomic correlation. They also noted that pathologists identified 30% DSS, disease-specific survival; HR, hazard ratio; log MTR, log margin-tothickness ratio, calculated as log (margin + 0.1)/(tumour thickness + 0.1).
T DSS, disease-specific survival; HR, hazard ratio; log MTR, log margin-tothickness ratio, calculated as log (margin + 0.1)/(tumour thickness + 0.1).
F I G U R E 1 Five-year disease-specific survival according to log margin-to-thickness ratio of frozen section margins as being from tumours proper, when in fact >95% were sent from defect cavities as reported by surgeons.
This increases the erroneous evaluation of final margins by pathologists. Therefore, by combining two risk factors into one parameter, the present study provided a more efficient method for evaluating the likelihood of oral cancer survival.
To compare the performance of different prognostic factors, the linear-trend chi-square score, AIC with Harrel C statistics was used to compare discriminatory ability, monotonicity and homogeneity. 19 The result represented by log MTR had the smallest loss of information for predicting outcome when compared with resection margin or tumour thickness (Table 5) . Determining adequate resection margin by examining tumour thickness has been the subject of numerous studies on the treatment of melanoma. The recommended margin for melanoma <1 mm was 10 mm, 1-2 mm was 10-20 mm and >20 mm was >2 mm. 20 Sawabata et al 21 patients and proposed that the formula margin index = closest margin (mm)/tumour size (mm) × 100 is a reliable method for prediction of residual disease after breast-conserving surgery, and they suggested that the optimum margin index was >5.
| Weaknesses of the study
The present study had numerous strengths, including detailed data for a wide range of risk factors in oral cancers and comprehensive follow-up data for a large cohort of OSCC patients. However, it also had several limitations, the largest of which may have been measuring tumour thickness instead of depth of tumour invasion.
Another limitation was the use of a single institute, retrospective study design, which can lead to selection and information bias. All surgeries were performed by different head-and-neck surgeons, possibly introducing variance; however, the pretreatment cancer survey protocol and follow-up plan were identical among all the surgeons, and suggestions were documented in consensus with our multidisciplinary head-and-neck cancer team. Our study also lacked overall survival data that could have accounted by all comorbidity effects.
| CONCLUSION
Log MTR may be a potential predictor for 5-year DSS in oral cancer patients, especially in advanced pT category (T3 and T4) patients.
Our study can help in presurgical planning for high-risk patients and in the design of postoperation adjuvant therapy that enhances oncological control.
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